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Effectiveness of the WC/rBS oral cholera vaccine
in the prevention of traveler’s diarrhea
A prospective cohort study

Rosa Lopez-Gigosos,'* Magda Campins,? Maria J. Calvo,? Santiago Pérez-Hoyos,? Javier Diez-Domingo,* Luis Salleras,® Maria
T. Azuara,® Xavier Martinez,? José M. Bayas,” Josep M. Ramén Torrell,® Maria A. Pérez-Cobaleda,® Maria E. Nunez-Torrén,'° Lydia
Gorgojo," Magdalena Garcia-Rodriguez,'? Rosa Diez-Diaz,' Luis Armadans,? Concepcion Sanchez-Fernandez,® Teresa Mejias,’
Cristina Masuet,® Rafael Pinilla,"” Nieves Anton® and Pilar Segarra'

'International Vaccination Center (IVC); Malaga, Spain; 2Hospital Vall d’ Hebron; Barcelona, Spain; *IVC; Santander, Spain; “Centre for Public Health Research; Valencia, Spain;
*University of Barcelona; Barcelona, Spain; ®IVC Madrid; Madrid, Spain; ’IVC Hospital Clinic; Barcelona, Spain; 8IVC Hospital Bellvitge; Barcelona, Spain; °IVC; A Corufa, Spain;

°IVC Vigo; Pontevedra, Spain; "IVC; Valencia, Spain; '2IVC Consorcio Hospital General Universitario de Valencia; Valencia, Spain

Keywords: Traveler’s diarrhea, WC/rBS vaccine, effectiveness, cholera, preventive fraction, number needed to vaccinate

Objective: Traveler’s diarrhea (TD) is the most frequent disease among people from industrialized countries who travel
to less developed ones, especially sub-Saharan Africa, Southern Asia and South America. The most common bacteria
causing TD is enterotoxigenic Escherichia coli (ETEC). The WC/rBS cholera vaccine (Dukoral®) has been shown to induce
cross-protection against ETEC by means of the B subunit of the cholera toxin. The aim of the study was to evaluate the
effectiveness of the WC/rBS cholera vaccine in preventing TD.

Methods: Between May 1 and September 30 (2007), people seeking pre-travel advice in ten Spanish international vac-
cination centers were included in a prospective cohort study of travelers to cholera risk countries. The incidence rates of
TD were adjusted for variables whose frequencies were statistically different (entry point 0.10) between the vaccinated
and non-vaccinated cohorts.

Findings: The vaccinated cohort (n = 544 travelers) included people vaccinated with the WC/rBS cholera vaccine, and
the non-vaccinated cohort (n = 530 travelers) by people not vaccinated. The cumulative incidence rate of TD was 1.69 in
vaccinated and 2.14 in non-vaccinated subjects. The adjusted relative risk of TD in vaccinated travelers was 0.72 (95% Cl:

0.58-0.88) and the adjusted vaccination effectiveness was 28% (95% Cl: 12-42).
Conclusions: The WC/rBS cholera vaccine prevents TD in 2 out of 7 travelers (preventive fraction: 28%). The number

needed to vaccinate (NNV) to prevent 1 case of TD is 10.

Introduction

Traveler’s diarrhea (TD) is the most common disease in people
from industrialized countries who travel to less developed ones,
especially to countries of sub-Saharan Africa, Southern Asia and
South America. It affects 20-60% of travelers.'? Diarrhea is
the main reason for medical consultation among travelers and
approximately 24 to 40 million people are affected worldwide
each year."

TD is a diarrheal syndrome that results from the ingestion of
fecal contaminated food or water, and may appear during travel
or during the following days.! It is defined as the daily passage of
at least 3 loose or watery stools, which may occur in association
with nausea, vomiting, abdominal cramping and/or dehydration.
TD tends to be self-limiting and resolves spontaneously within
3—4 d in most cases. However, TD can last for weeks or months
in up to 14% of cases.! Occasionally, it may result in post-infec-
tious irritable bowel syndrome.” The onset of TD usually occurs
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within the first or second week of travel, but may occur at any
time while traveling, and even some days after returning home.
TD is rarely life threatening, but can be debilitating and inca-
pacitating.® About 20% of patients must stay in bed for 1-2 d,
40% have to modify their planned itinerary and up to 1% require
hospitalization.” Diarrhea can have more severe complications in
some groups, including the elderly,® infants and young children,’
immunocompromised patients® and pregnant women.'’

TD is an infectious disease that may be caused by bacteria
(60—85%), parasites (5-10%) or viruses (5-20%),''* and var-
ies widely according to geographical and seasonal factors.”
Enterotoxigenic Escherichia coli (ETEC) is the most frequent
causal agent, followed by Campylobacter jejuni, Shigella sp,
Samonella sp and Vibrio sp."* The available scientific evidence
shows that ETEC is responsible for 30-60% of all cases of TD
depending on the season and the country visited.”"" The ratio

of ETEC heatlabile toxin producers (LT-ETEC) and heat-stable
producers (ST-ETEC) varies according to the study,"* but up to
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two thirds of cases of ETEC have been found to be LT-ETEC,"
and it is estimated that every year 10 million cases of TD are
caused by LT-ETEC.">*

Despite the frequency of TD, there is no international consen-
sus on its prevention. Pre-travel health education and counseling
include recommendations on the safe consumption of water and
food, but compliance is usually irregular. Some studies have sug-
gested that hygienic measures can minimize, but not eliminate,
the risk of TD.?

The molecular structure of the subunit of the Vibrio cholerae
toxin is similar to the LT of ETEC. In vitro studies have sug-
gested that serum antibodies against the cholera toxin induced
by the WS/rBS cholera vaccine (Dukoral®, Crucell, Holland) can
recognize and neutralize the LT of ETEC.?® Therefore, this vac-
cine should prevent ETEC diarrhea.

Recently, several studies have demonstrated that the WC/rBS
cholera vaccine induces cross-protection against TD through the
recombinant non-toxic B-subunit of the cholera toxin (CTB).?'?
Although the vaccine has been approved in most Western coun-
tries for cholera prevention, only Sweden and Canada have also
approved it for TD prevention.*

The aim of this study was to assess the protection conferred
by the WC/rBS vaccine against TD in people traveling to cholera

risk countries.
Results

Data from 1,271 travelers were obtained during pre-travel consul-
tations in the 10 study centers. The number of travelers provided
by each center ranged between 100 and 240. After returning
home, 1,102 travelers were interviewed by phone. One hundred
and 60 nine travelers were not interviewed due to the follow-
ing reasons: wrong phone number, cancellation of trip, change
in travel dates and returning after study closure and non-collab-
oration. After the phone interview, 28 travelers who did not meet
all study criteria were excluded. Therefore, 1,074 travelers were
finally analyzed, 544 in the vaccinated cohort and 530 in the
non-vaccinated cohort.

Table 1 shows the general characteristics of the study popula-
tion according to WC/rBS vaccination status. Globally, a total of
58.4% participants were female and the mean age was 35 + 10
y. Sixty percent of travelers went to Africa. Half the trips lasted
between two and four weeks and only 15% lasted > 4 weeks.
Seventy-five percent of trips were for tourism and almost half
were package tours. Most trips combined urban and rural areas.
The most common types of accommodation were hotels, lodges
and boats.

Only a small number of travelers reported they had never
taken non-recommended drink or food. The worst compliance
was with recommendations to avoid raw food, juices, or salads.
Almost 20 percent of travelers were taking regular medication for
various diseases and a similar proportion had suffered diarrhea
during previous trips.

In the vaccinated cohort, a higher frequency of trips longer
than 4 weeks (p < 0.001), trips to Asia (p = 0.001), trips for coop-
eration (p < 0.001), accommodation in private homes (p < 0.001)
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and suffering diarrhea during previous trips (p = 0.014) were
observed (Table 1).

Table 2 shows the number of cases of TD, incidence rates and
RR for each covariate. Diarrhea during the trip or within 7 d
after returning was reported by 186 (34.2%) vaccinated and 199
(37.5%) non-vaccinated travelers. The crude TD incidence rate
was 1.69 (95% CI: 1.45-1.94) in vaccinated and 2.14 (95% CI:
1.86-2.46) in non-vaccinated travelers. The unadjusted RR in
the vaccinated cohort was 0.79 (p = 0.018). Diarrhea was more
frequent in non-vaccinated travelers, travelers to Asia, people
traveling for cooperation tasks, travelers accommodated in pri-
vate homes and travelers reporting regular diarrhea. No associa-
tion between compliance with hygienic measures and diarrhea
was found.

Table 3 shows the adjusted risk of TD in vaccinated sub-
jects: RR = 0.72 (95% CI: 0.58-0.88). The adjusted vaccination
effectiveness in preventing TD was 28% (95% CI: 12-42%).
Therefore, the WC/rBS cholera vaccine avoided around 2 out of
7 TD cases. The number of cases needed to vaccinate to avoid
one case of TD was 10. The variables considered in the model
were: age group, geographical area, type of trip, accommodation
in private houses, ingestion of fresh juice or raw foods and diar-
rhea in previous trips.

Discussion

The protective efficacy of vaccines (protective value in persons
vaccinated under optimum conditions) is evaluated before mar-
keting by phase 3 controlled clinical trials.? If the results are
positive, the vaccine is submitted to the regulatory agencies
for approval.”’ Approval by the regulatory agency means the
vaccine can be administered to the population for which it is
indicated.

After a vaccine is licensed, if hypotheses emerge on possible
new indications, dosages and implementation strategies, new
controlled clinical trials are unlikely for ethical and practical
reasons.”’” To test these hypotheses, observational epidemiologi-
cal studies (cohort or case control) are normally performed in
people vaccinated in daily clinical practice or public health pro-
grams.” However, these studies do not measure vaccine efficacy
but vaccine effectiveness i.c., the protective value of vaccination
in routine conditions of application in public or private primary
care or public health programs, in conditions that differ substan-
tially from those of controlled clinical trials.?” Not surprisingly,
the epidemiological evidence provided by these studies is inferior
to that of the gold standard of controlled clinical trials but may
be the only feasible alternative.?”

This is the case of our study. The WC/rBS vaccine is marketed
in Spain for use in international travelers to geographic areas with
a risk of cholera. Due to the similarity of the V. cholerae toxin
to that of ETEC, the main bacterium causing TD, it has been
hypothesized that the vaccine could be effective in preventing
TD. Since the geographic areas at risk for TD largely overlap
with endemic cholera areas, it would not be ethical to conduct a
controlled clinical trial to evaluate the protective efficacy of the
vaccine in travelers to risk areas.
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Table 1. Baseline characteristics of participants according to WC/rBS vaccination status

YES?

N (%)°

WC/rBS vaccination
NO? P Total

N (%)° N (%)

DEMOGRAPHIC VARIABLES

Sex Male 231 (42.5%) 215 (40.6%) 446 (41.6%)
Female 312 (57.5%) 314 (59.4%) > 0.05 626 (58.4%)

Age (years) <30 173 (31.9%) 188 (35.5%) 361 (33.7%)
30-44 270 (49.7%) 243 (45.9%) 513 (47.9%)

=45 100 (18.4%) 98 (18.5%) > 0.05 198 (18.5%)

TRAVEL CHARACTERISTICS
Travel duration <2 160 (29.4%) 210 (39.6%) 370 (34.5%)
(weeks)

2-4 282 (51.8%) 259 (48.9%) 541 (50.4%)

>4 102 (18.8%) 61 (11.5%) < 0.001 163 (15.2%)

Geographical area Africa 299 (55.0%) 345 (65.1%) 644 (60.0%)
Asia 245 (45.0%) 185 (34.9%) 0.001 430 (40.0%)

Type of trip Organized 220 (40.4%) 69 (13.0%) < 0.001 178(16.6%)
Individual 215 (39.5%) 60 (11.3%) 153 (14.2%)

Cooperation 109 (20.0%) 182 (34.3%) 324 (30.2%)

Travel area Urban 93 (17.1%) 60 (11.3%) 153 (14.2%)
Rural 142 (26.1%) 182 (34.3%) 324 (30.2%)

Urban and rural 309 (56.8%) 288 (54.3%) > 0.05 597 (55.6%)

Accommodation Hotel/ship/lodge/ 424 (77.9%) 450 (84.9%% 0.01 874 (81.4%)

hostel
Private home 120 (22.1%) 80 (15.1%) 200 (18.6%)
HEALTH STATUS
Regular diarrhea Yes 22 (4.1%) 20 (3.8%) 0.05 42 (3.9%)
No 521 (95.9%) 509 (96.2%) 1030 (96.1%)
Diarrhea in previous Yes 108 (19.9%) 79 (15.0%) 0.014 187 (17.5%)
Wz No 387 (71.3%) 417 (79.0%) 804 (75.1%)
No recall 48 (8.8%) 32 (6.1%) 80 (7.5%)

aTotal: Vaccinated, 544 (50.6%); Non-vaccinated, 530 (49.4%); "Row percentages; VFR: Visit to friends or relatives.

Alternatively, we designed a prospective cohort study whose
main endpoint was the incidence of all-cause diarrhea, as the
observational nature of the study meant that the causative agents
of diarrhea of patients could not be investigated.

The global incidence of TD incidence found (35.8%) is con-
sistent with the reported value range for high-risk areas."***¢

The risk of diarrhea was greater in younger travelers, people
traveling for cooperative reasons, travelers to Asian countries and
those who stayed in private houses; all these factors have been
reported by other authors.?%°

Our results show an independent, significant protective
effect of the WC/rBS vaccine against TD. The risk of diarrhea
was 28% lower in vaccinated travelers after adjusting for other
factors associated with gastrointestinal problems during the

trip.
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Because the WC/tBS vaccine is only approved for cholera
prophylaxis in Spain, our study only included travelers to zones
where cholera is endemic, in order to achieve a sufficient sample.
The lack of microbiological confirmation of TD cases made it
impossible to estimate vaccine effectiveness only for LT-ETEC or
other etiological agents.

Several studies have also shown the efficacy (clinical trials)
or effectiveness (observational epidemiological studies) of cross
protection of the WC/rBS vaccine against ETEC diarrhea (Table
4) 3136

The first demonstration of vaccine cross-protection in the
setting of a clinical trial was in 1985. The study followed over
50000 women and children from a rural area of Bangladesh
for 3 mo. Two or 3 vaccine doses had an efficacy of 67% (p <
0.01).3' However, this study included only local people, who had
high-risk exposure and high natural immunity, and therefore the
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Table 2. Frequency of traveler’s diarrhea and crude rates per 100 person-days according to study variables

Cases Person- Rate/100 95%CI 100 Non adjusted 95%Cl p-value
days d d° rate ratios RR
WC/rBS Yes 186 11025 1.69 (1.45-1.94) 0.79 (0.64-0.96) 0.018
vaccination No 199 9286 214 (1.86-2.46) 1
Total 385 20311 1.85 (1.71-2.09)
DEMOGRAPHIC VARIABLES
Sex Male 151 8518 1.77 (1.51-2.07) 1 0.280
Female 234 11793 1.98 (1.74-2.25) 0.89 (0.72; 1.09)
Age (years) <30 182 6446 2.82 (2.43-3.26) 1 0.000
30-44 165 10036 1.64 (1.40-1.91) 0.58 (0.47;0.72)
>45 38 3829 0.99 (0.71-1.34) 0.35 (0.24; 0.49)
TRAVEL CHARACTERISTICS
Trip duration <2 920 5426 1.66 (1.34-2.03) 1 0.208
BE2e) 2-4 214 10390 2.06 (1.79-2.35) 1.24 (0.97;1.59)
>4 81 4495 1.80 (1.44-2.23) 1.08 (0.80; 1.46)
Geographical area Africa 173 12422 1.39 (1.19-1.61) 1 0.000
Asia 212 7889 2.69 (2.34-3.07) 1.93 (1.58; 2.36)
Type of travel Organized 137 8938 1.53 (1.29-1.80) 1 0.003
Individual 162 7372 2.19 (1.88-2.56) 1.43 (1.14; 1.80)
Cooperation 86 4001 2.15 (1.73-2.64) 1.40 (1.06; 1.83)
Travel area Urban 64 2839 2.25 (1.75-2.86) 1 0.010
Rural 92 6131 1.50 (1.21-1.83) 0.66 (0.48; 0.91)
Urban and rural 229 11341 2.01 (1.77-2.29) 0.89 (0.68; 1.18)
Accommodation Hotel/ship/lodge/others 291 16152 1.80 (1.60-2.01) 1 0.027
Private house 94 4159 2.26 (1.84-2.75) 1.25 (0.99; 1.58)
HEALTH STATUS
Regular diarrhea No 362 19757 1.83 (1.65-2.02) 1 0.002
Yes 23 554 4.15 (2.69-6.13) 2.26 (1.49; 3.45)
Diarrhea in Yes 79 3628 2.18 (1.73-2.70) 1 0.151
TR i No 275 15274 1.80 (1.60-2.02) 0.83 (0.65; 1.07)
Do not recall 31 1409 2.20 (1.52-3.08) 1.01 (0.66; 1.52

results cannot be extrapolated to travelers. During 1991, a pro-
spective double blind study included 615 Finnish tourists travel-
ing to Morocco. After returning home, they were followed for 12
mo. Global vaccine efficacy was 23% (95% CI = 16-30%) for
TD and 60% (95% CI = 52-68%) for ETEC.* In US young
adult tourists to Mexico, vaccine efficacy against ETEC was 50%
(95% CI = 14-71%),% although the vaccine was not adminis-
tered as recommended, with the first and second doses being
taken after arriving in Mexico. As a consequence, 74% of diar-
rheas occurred within the 7 d after vaccination, when protection
was not yet established.

The effectiveness of the WC/rBS vaccine in preventing
TD has been evaluated in two Spanish observational studies.
In 2007, Lépez-Gigosos et al. observed a TD risk reduction of
43% (95% CI = 15-62%) in vaccinated travelers, with a shorter
duration of diarrhea episodes.**® In 2009, Ramon et al., in a
cohort study including travelers from Barcelona, estimated a
vaccine effectiveness against TD of 57% in high-risk travelers.?

www.landesbioscience.com

These figures are slightly higher than those found in our study,
although methodological differences may explain this. First, the
retrospective design, with a loss of more than 20% of travel-
ers during the follow-up in the study by Ramon et al. study.”
Second, both studies only included travelers from a single IVC
and, according to the inclusion criteria, the a priori risk of TD
was higher.

Like all observational epidemiological studies, our study had
strengths and weakness and may have been subject to selection
and information bias and to confounding.

One of the main strengths points of the study is its prospec-
tive design, which minimizes information and recall bias. The
Oxford Center for Evidence-Based Medicine (http://www.cebm.
net/) classifies cohort studies as having a level of evidence of
2b, which is the category immediately below randomized clini-
cal trials. In addition, the study was multicenter, which confers
external validity, favoring the inclusion of travelers with different
profiles, vaccination criteria and preventive advice, according to
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Table 3. Adjusted risk of traveler’s diarrhea in the multivariate analysis

Vaccination effec-

Adjusted RR 95% ClI p-value . 95% CI
tiveness
WCr/BS Yes 1
vaccination No 0.72 (0.58-0.88) 0.002 28% (12-42)

Table 4. Published Studies on the Efficacy/Effectiveness of the WC/rBS Vaccine against Traveler’s Diarrhea

Author (year) Design Type of population N Country of origin Efficacy/effectiveness
Clemens (1988) Clinical trial Native 50000 India 67% against LT-ETEC
. . . 60% against LT-ETEC
Peltola (1991) Clinical trial Travelers 615 Finland
23% global
Scerpella (1995) Clinical trial Travelers 502 USA 50% against ETEC
Lopez-Gigosos (2007) Retrospective cohort study Travelers 237 Spain 43% global
Ramon (2009) Retrospective cohort study Travelers 658 Spain 57% global
Present study Prospective cohort study Travelers 1074 Spain 28% global

the center. The study cohort was large and there were few losses
during follow-up (87% of travelers reported information after
their return). However, the information was obtained by phone
interview, which could be a limitation, even though a standard
questionnaire was used and the interviewers were trained, and
the robustness of the results is supported by their similarity to
most published studies.

All TD studies have a common bias: the study population
is composed only of travelers who attend vaccination centers,
and this group is probably not representative of all travelers.?”
Travelers who ask for pre-travel advice are probably more aware
of risks, more compliant with hygienic measures and have higher
immunization levels than those who do not. Therefore, lower
disease incidence might be expected in travelers attending vac-
cination centers.

Another possible bias is that mild forms of cholera may have
been mistaken for TD. In this case, vaccinated subjects could
have been protected, at least in part, against cholera while non-
vaccinated subjects were not. This could have overestimated the
effectiveness of vaccination. This situation would have occurred
mainly in travelers to endemic areas of Asia. The magnitude of
this bias depends on the actual incidence of mild cholera in travel-
ers to endemic areas. Cholera has traditionally been considered an
uncommon disease in travelers. However, recent data suggest that
the contribution of cholera to TD is underestimated, as more than
90% of cases are mild or moderate, self-limiting and indistinguish-
able from other causes of TD.? Enterotoxigenic V. cholerae sero-
group O1 biotype El Tor is the cause of the ongoing pandemics.
It provokes mild, asymptomatic cases of cholera more frequently
than the classic biotype responsible for previous pandemics.”

Methods
A prospective cohort study was conducted from May 1 to

September 30, 2007. People seeking pre-travel counseling in ten
international vaccination centers (IVC) from various Spanish
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regions were included. These IVC are part of a national public
network formed by 68 centers at the time of the study, which
assist travelers asking for pre-travel prevention services (vaccina-
tions, antimalarial prophylaxis and health education).

This study was approved by the Clinical Research Ethics
Committee, Hospital Clinico Universitario, Valencia, Spain).

Study subjects. The vaccinated cohort included travelers who
received the WC/rBS cholera vaccine and who traveled to coun-
tries at risk of cholera. Travelers were considered as vaccinated
if they took oral doses of the vaccine with a minimum interval
between doses of one week with the second dose being taken at
least 7 d before beginning the trip. The non-vaccinated cohort
included travelers who did not receive the WC/tBS vaccine
because health personal considered that the type of trip involved
a low risk of cholera, and going to the same countries that the
vaccinated cohort.

A case of TD was defined as a traveler who reported = 3
non-solid stools in a 24-h period with or without other signs
or symptoms, including abdominal cramps, nausea, vomiting,
fever, tenesmus, fecal urgency or bloody fever, during a trip to the
countries mentioned below or within 7 d after returning home.”

The inclusion criteria were:

* Age > 18 y;

e Native and/or resident of the European Union, United
States, or Canada;

e To have planned a trip to Africa (except South Africa),
Bangladesh, India, or Indonesia;

* Planned stay of 2 7 d in the chosen country;

e Absence of severe gastrointestinal disease or chronic diarrhea;

* Absence of relevant background disease;

* No current corticosteroid or immunosuppressive treatment;

e Written informed consent

Demographic, epidemiological and clinical variables. In the
pre-travel IVC visit, data were recorded using a specially-designed
questionnaire, including
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* Register and demographic variables (consultation date, date
and place of birth, sex)

e Planned travel data (departure and return dates, countries to
visit and type of trip)

e Clinical data (medical history, current diseases, drug
therapies)

* Vaccinations (vaccination history and vaccines recom-
mended in each center for the specific trip)

Between 7 and 14 d after the planned return day, two trained
health professionals interviewed vaccinated and non-vacci-
nated cohorts by phone to collect information on the following
variables:

* Trip data and preparation: countries visited, type of trip
(package tour, individual, international cooperation, others),
scope of trip (urban, rural, or both), reason for the trip (tourism,
work, visiting relatives and cooperative tasks), type of stay (hotel,
hostel, camp site, family or friend’s house), vaccines adminis-
tered, anti-malarial agents, other medication.

* During the trip: ingestion of non-recommended food and
drink (non-bottled water, ice cubes, unsafe juices or fruits, raw
food, salads, etc.)

* During the trip and within 7 d after the return: occurrence
of TD, onset and duration of diarrhea, limitations on activity,
fever, medical care and treatment prescribed.

Sample size. Estimating a risk difference (RD) of having TD
of 20%, a risk ratio (RR) of 1.5, a statistical power of 90% and a
statistical significance of 0.05, a sample size of 1,002 travelers was
required.?® In each IVC, consecutive travelers who complied with
the inclusion criteria were included until the assigned number
was obtained.

Statistical analysis. A descriptive analysis was made of all
study variables. Cohorts were compared using contingency tables
and the Chi? test.

The incidence rate of TD was calculated as the number of
cases of diarrhea (people with one or more episodes of acute diar-
thea) divided by the sum of travel days. The incidence rates and
95% confidence intervals (CI) were calculated for all variables

and statistical significance was obtained using a univariate
Poisson model.

A multivariate Poisson regression model using log-incidence
rates as the outcome variable was constructed. For confounding
variables related to diarrhea, forward selection with an entry p
value of 0.10 based on the likelihood ratio test was performed.
The statistical analysis was performed using Stata 10.0 (STATA.
Stata 10. Stata Corporation. College Station, USA, 2004).

Vaccination effectiveness was estimated as 1 — RR from the
final fitted model. The number needed to vaccinate (NNV)
was calculated as the reciprocal of the absolute risk reduction
expressed as a proportion per 100.

Conclusion

The results of our study suggest that WC/rBS vaccination of trav-
elers to high-risk areas is associated with an absolute reduction of
28% in the risk of all-cause TD diarrhea. The vaccine has the
potential to avoid 2 out of 7 cases of TD. In addition, vaccination
of 10 travelers avoids 1 case, one of the lowest NNV found in
licensed preventive vaccines.

Although the effectiveness of the WC/rBS vaccine against TD
is low compared with other vaccines typically administered to
travelers such as yellow fever or hepatitis A, the high frequency
of the disease clearly justifies the vaccination of travelers as the
protective potential in terms of reduction of cases of TD is
substantial.

The World Health Organization (WHO) recently outlined
the effectiveness and usefulness of the WC/rBS vaccine against

ETEC diarrhea.””

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

The authors would like to thank all the travelers involved in the
study for their kind collaboration.

References

Hill DR, Beeching NJ. Travelers' diarrhea. Curr Opin
Infect Dis 2010; 23:481-7; PMID:20683261; http://

5. Stermer E, Lubezky A, Potasman I, Paster E, Lavy 11.

A. Is traveler’s diarrhea a significant risk factor for
the development of irritable bowel syndrome? A pro-

spective study. Clin Infect Dis 2006; 43:898-901;

Alonso Socas MM, Alemén R, Lépez Lirola R,
Castellano A, Martin Ponce E, Gémez Sirvent JL.
[Diarrhoea in the traveller]. An Sist Sanit Navar 2006;
29(Suppl 1):127-38; PMID:16721423.

dx.doi.org/10.1097/QCO.0b013e32833dfca5. PMID:16941373; http://dx.doi.org/10.1086/507540. 12. Liidveri T, Kantele A, Hakanen A, Mattila L. Traveler’s
Redman CA, Maclennan A, Wilson E, Walker E. 6. Lundkvist ], Steffen R, Jonsson B. Cost-benefit of WC/ diarrhea, the most common health problem of travel-
Diarrhea and respiratory symptoms among travel- 1BS oral cholera vaccine for vaccination against ETEC- ers. Duodecim 2010; 126:403-10; PMID:20486490.
ers to Asia, Africa, and South and Central America caused travelers’ diarrhea. ] Travel Med 2009; 16:28-34; 13, Martila L, Siitonen A, Kyronseppi H, Simula I,
from Scotland. ] Travel Med 2006; 13:203-11; PMID:19192125; hetp://dx.doi.org/10.1111/j.1708- Oksanen P, Stenvik M, et al.; Finnish-Moroccan Study
PMID:16884402; http://dx.doi.org/10.1111/j.1708- 8305.2008.00270.x. Group. Seasonal variation in etiology of travelers’ diar-
8305.2006.00046.x. 7. Steffen R, van der Linde E Gyr K, Schir M. rhea. J Infect Dis 1992; 165:385-8; PMID:1730905;
Gautret P Schlagenhauf P Gaudart J, Castelli E Epidemiology of diarrhea in travelers. JAMA 1983; http://dx.doi.org/10.1093/infdis/165.2.385.

Brouqui B von Sonnenburg F et al; GeoSentinel 249:1176-80;  PMID:6823079;  htep://dx.doi. 14, Cavallo JD, Garrabé E. Infectious aetiologies of trav-
Surveillance  Network. Multicenter EuroTravNet/ 0rg/10.1001/jama.1983.03330330054035. elers’ diarrhoea. Med Mal Infect 2007; 37:722-7;
GeoSentinel study of travel-related infectious dis- 8.  Brunette GW, Kozarsky PE, Magill AJ, Shlim DR. PMID:17942257; http://dx.doi.org/10.1016/j.med-
cases in Europe. Emerg Infect Dis 2009; 15:1783- CDC Health Information for International Travel 2010 mal.2007.09.004.

9'0; PMID:19891866;  htep://dx.doi.org/10.3201/ (The Yellow Book). Maryland Heights, MO: Mosby ~ 15. Adachi JA, Jiang ZD, Mathewson JJ, Verenkar
€id1511.091147. Lid., 2009. MP, Thompson S, Martinez-Sandoval F, et al.
Wang M, Szucs TD, Steffen R. Economic aspects 9. Leung AK, Robson WL, Davies HD. Travelers diar- Enteroaggregative Escherichia coli as a major etiologic
of travelers” diarrhea. ] Travel Med 2008; 15:110-8; rhea. Adv Ther 2006; 23:519-27; PMID:17050494; agent in traveler’s diarrhea in 3 regions of the world.
PMID:18346244; hrep://dx.doi.org/10.1111/j.1708- hetp://dx.doi.org/10.1007/BF02850040. Clin Infect Dis 2001; 32:1706-9; PMID:11360211;
8305.2008.00189.x. 10.  Samuel BU, Barry M. The pregnant traveler. Infect Dis heep://dx.doi.org/10.1086/320756.

www.landesbioscience.com

Clin North Am 1998; 12:325-54; PMID:96582438;
heep://dx.doi.org/10.1016/50891-5520(05)70008-8.

Human Vaccines & Immunotherapeutics

697



20.

21.

22.

23.

24.

25.

698

Jiang ZD, Lowe B, Verenkar MP, Ashley D, Steffen
R, Tornieporth N, et al. Prevalence of enteric patho-
gens among international travelers with diarrhea
acquired in Kenya (Mombasa), India (Goa), or Jamaica
(Montego Bay). ] Infect Dis 2002; 185:497-502;
PMID:11865402; http://dx.doi.org/10.1086/338834.
Gascén J. Epidemiology, etiology and patho-
physiology of traveler’s diarrhea. Digestion 2006;
73(Suppl 1):102-8; PMID:16498258; http://dx.doi.
org/10.1159/000089785.

Regua-Mangia AH, Gomes TA, Vieira MA, Andrade
JR, Irino K, Teixeira LM. Frequency and characteristics
of diarrhoeagenic Escherichia coli strains isolated from
children with and without diarrhoea in Rio de Janeiro,
Brazil. ] Infect 2004; 48:161-7; PMID:14720492;
heep://dx.doi.org/10.1016/S0163-4453(03)00138-5.
Enterotoxigenic Escherichia coli (ETEC). Diarrhoeal
Diseases. http://www.who.int/vaccine_research/diseas-
es/diarrhoeal/en/index4.html

Strindelius L. Immunization with Dukoral induc-
es neutralizing antibodies against E. coli heat-labile
enterotoxin. Presented at the 9" Conference of the
International Society of Travel Medicine; 1-5 May
2005; Lisbon, Portugal; 2005.

Clemens JD, Sack DA, Harris JR, Chakraborty J,
Khan MR, Stanton BE et al. Field trial of oral chol-
era vaccines in Bangladesh. Lancet 1986; 2:124-7;
PMID:2873397; http://dx.doi.org/10.1016/S0140-
6736(86)91944-6.

Clemens JD, Harris JR, Sack DA, Chakraborty J,
Ahmed E Stanton BFE et al. Field trial of oral cholera
vaccines in Bangladesh: results of one year of follow-up.
J Infect Dis 1988; 158:60-9; PMID:3392421; http://
dx.doi.org/10.1093/infdis/158.1.60.

Jelinek T, Kollaritsch H. Vaccination with Dukoral
against travelers’ diarrhea (ETEC) and cholera. Expert
Rev Vaccines 2008; 7:561-7; PMID:18564011; http://
dx.doi.org/10.1586/14760584.7.5.561.

Traveller's Diarrhea and Cholera Vaccine. Traveller’s
Series. HealthLink BC, October 2007. http://www.
bchealthguide.org/healthfiles/hfile41k.stm.

DuPont HL, Ericsson CD. Prevention and treatment
of traveler’s diarrhea. N Engl ] Med 1993; 328:1821-
7;  PMID:8502272;  http://dx.doi.org/10.1056/
NEJM199306243282507.

26.

27.

28.

29.

30.

32.

33.

Armitage D, Berry G. Statistical Methods in Medical
Research. 2nd ed. Oxford: Blackwell Scientific; 1987.
Salleras L, Dominguez A. Evaluacién de la eficacia
protectora de la vacuna y de la efectividad de los pro-
gramas de vacunaciones. In Vacunaciones preventivas,
2nd edition. Edited by Salleras L. Barcelona: Masson,
2003:718-800.

Al-Abri SS, Beeching NJ, Nye FJ. Traveller’s diarrhoea.
Lancet Infect Dis 2005; 5:349-60; PMID:15919621;
heep://dx.doi.org/10.1016/51473-3099(05)70139-0.
DuPont HL. Systematic review: prevention of travellers
diarrhoea. Aliment Pharmacol Ther 2008; 27:741-51;
PMID:18284650; http://dx.doi.org/10.1111/j.1365-
2036.2008.03647 x.

Steffen  R. Epidemiology of travelers diar-
thea. Clin Infect Dis 2005; 41(Suppl 8):5536-40;
PMID:16267715; http://dx.doi.org/10.1086/432948.
Clemens JD, Sack DA, Harris JR, Chakraborty J,
Neogy PK, Stanton B, et al. Cross-protection by B
subunit-whole cell cholera vaccine against diarrhea
associated with heat-labile toxin-producing enterotoxi-
genic Escherichia coli: results of a large-scale field trial.
J Infect Dis 1988; 158:372-7; PMID:3042876; http://
dx.doi.org/10.1093/infdis/158.2.372.

Peltola H, Siitonen A, Kyrénseppi H, Simula I, Mattila
L, Oksanen B, et al. Prevention of travellers’ diarrhoea
by oral B-subunit/whole-cell cholera vaccine. Lancet
1991; 338:1285-9; PMID:1682684; http://dx.doi.
0rg/10.1016/0140-6736(91)92590-X.

Scerpella EG, Sanchez JL, Mathewson III, Torres-
Cordero JV, Sadoff JC, Svennerholm AM, et al.
Safety, immunogenicity, and protective efficacy of the
Whole-Cell/recombinant B Subunit (WC/rBS) oral
cholera vaccine against traveler’s diarrhea. ] Travel
Med 1995; 2:22-7; PMID:9815355; http://dx.doi.
org/10.1111/j.1708-8305.1995.tb00615.x.

Human Vaccines & Immunotherapeutics

34.

35.

30.

37.

38.

39.

Lépez-Gigosos R, Garcfa-Fortea P, Reina-Dofa E,
Plaza-Martin E. Effectiveness in prevention of travellers’
diarrhoea by an oral cholera vaccine WC/rBS. Travel
Med Infect Dis 2007; 5:380-4; PMID:17983977;
http://dx.doi.org/10.1016/j.tmaid.2007.06.001.
Torrell JM, Aumatell CM, Ramos SM, Mestre LG,
Salas CM. Reduction of travellers' diarrhoea by WC/
1BS oral cholera vaccine in young, high-risk travellers.
Vaccine 2009; 27:4074-7; PMID:19376179; htep://
dx.doi.org/10.1016/j.vaccine.2009.04.025.
Lépez-Gigosos R, Garcia-Fortea P, Calvo MJ, Reina
E, Diez-Diaz R, Plaza E. Effectiveness and economic
analysis of the whole cell/recombinant B subunit (WC/
rbs) inactivated oral cholera vaccine in the prevention
of traveller’s diarrhoea. BMC Infect Dis 2009; 9:65;
PMID:19445712; http://dx.doi.org/10.1186/1471-
2334-9-65.

Lopez-Velez R, Bayas JM. Spanish travelers to high-
risk areas in the tropics: airport survey of travel health
knowledge, attitudes, and practices in vaccination and
malaria prevention. ] Travel Med 2007; 14:297-305;
PMID:17883460; htep://dx.doi.org/10.1111/j.1708-
8305.2007.00142.x.

Sack DA, Sack RB, Nair GB, Siddique AK. Cholera.
Lancet 2004; 363:223-33; PMID:14738797; htep://
dx.doi.org/10.1016/S0140-6736(03)15328-7.
Cholera vaccines: WHO position paper. Wkly
Epidemiol Rec 2010; 85:117-28; PMID:20349546.

Volume 9 Issue 3



